A rapid visual assessment (RVA) approach for the characterization and assessment of the integrity of coralligenous reefs was applied in 21 stations subjected to different levels of anthropogenic pressure, along the French Mediterranean coasts. The reefs were characterized from both the geomorphologic and bionomic (biotic cover, conspicuous species richness, canopy-forming species, etc.) points of view, and their health status was estimated through the COARSE (COralligenous Assessment by ReefScape Estimate) index. The sensitivity of the COARSE index and the robustness of the RVA approach to observer biases were analyzed. Results showed that most coralligenous reefs were characterized by (sub) vertical cliffs or platforms with variable slope, usually dominated by biotic facies with Paramuricea clavata and/or Eunicella cavolini in healthy stations, or by algal associations or facies of impoverishment in the most impacted situations. The overall quality scores of the COARSE index generally reflected the putative level of stress of the sampling stations; differences due to observer biases resulted negligible. Coupling the RVA approach with the COARSE index proved an effective protocol for both the characterization and the evaluation of coralligenous reefs: the former is achieved by the analysis of the whole complexity of this habitat, the latter provides for the first time an indication of sea-floor integrity, differently from previous indices that aim at estimating water quality.
Introduction 1
The endemic biogenic reefs known as "coralligenous" (Ballesteros, 2006) represent the second pole of 2 species diversity in the Mediterranean Sea, after the Posidonia oceanica meadows (Boudouresque, 3 2004 ). Nevertheless, the complex structure of coralligenous reefs (Pérès and Picard, 1964; Ros et al., 4 1985) and their highly diverse composition (Laubier, 1966) suggest that they probably host more 5 species than any other Mediterranean habitat, but to date the number of studies dealing with their 6 biodiversity is still low (Ballesteros, 2006) . Estimates on the number of invertebrates (Laubier, 1966 uses SCUBA diving observations and measurements to gather data useful to evaluate the state of 24 coralligenous reefs as an indicator of sea-floor integrity rather than coastal water quality. 25
In addition to biotic cover and conspicuous species richness, the COARSE index takes into account 26 the three-dimensional structure of coralligenous reefs, currently considered essential and 27 shortcomings emerging: the original protocol, therefore, has been revised to get a more efficient 31 evaluation of coralligenous reefs state. 32
The aim of the present paper is to test the effectiveness of the COARSE index and its sensitivity to 33 different levels of human pressure, which is an essential characteristic for a quality index. Since it is 34 based on a direct visual method, the index may suffer the consequences of the variability between 35 observers that can affect both the visual estimations of percent cover (Meese and Tomich, 1992) and 36 A total of 21 sampling stations have been chosen in the study area (Fig. 1) . Using expert judgments 23 (Burgman et al., 2011), three levels of human pressures were identified and the sampling stations were 24 listed according to the level of pressure they are subjected to: 25  High pressure, mainly due to sewage treatment stations outfalls: Ile Plane Nord (8 in Fig. 1 For each station, a geomorphologic characterization was obtained in situ by considering the most 4 frequent "morphotypes" that may allow the development of coralligenous reefs, i.e. shoals, outcrops, 5 cliffs, landslide deposits, and detritic bottoms. The following mesologic parameters were also 6 measured in each replicate: depth, elevation from the bottom, slope, and exposure of the substrate. 7
As coralligenous assemblages show a stratified structure, for each replicate bionomic data were 8 collected separately for three distinct layers: 1) basal layer, constituted by encrusting or with limited 9 (<1 cm) vertical growth organisms; 2) intermediate layer, composed by organisms with moderate (1 10 cm to 10 cm) vertical growth; 3) upper layer, characterized by organisms with considerable (>10 cm) 11 vertical growth. 12
In the basal layer, the percent cover of five benthic categories (hereafter called BCs) were visually 13 estimated: encrusting calcified Rhodophyta (ECR), non-calcified encrusting algae (NCEA), encrusting 14 animals (EA), turf-forming algae and sediment (TURF/SED). A semi-quantitative assessment of 15 boring species marks (e.g. clionid papillae and bivalve holes) was performed through the assignation 16 of three classes of abundance (common, occasional, absent). Finally, thickness of the calcareous 17 concretion was measured in millimetres with a handheld penetrometer. In the upper layer, the percent cover of each species and the percentage of necrosis (even if covered by 22 epibionts) of each population were visually estimated. Finally, for each species, the maximum height 23 of the tallest specimen was measured. Table 1 summarizes all data collected to obtain the 24 geomorphologic, mesologic and bionomic characterization of coralligenous reefs. For further details 25 about the method, see Gatti et al. (2012) . 26
In order to assess the sensitivity of the RVA approach, and therefore of the COARSE index, to 27 observer biases, in eight stations a second observer (hereafter called O 2 ) applied the protocol on the 28 same surfaces, in independent dives. 29
In addition to the standard protocol illustrated above, four 60 cm × 40 cm photographs for each RVA 30 replicate were shot on the same surfaces observed by the SCUBA divers, in order to compare the 31 visual percent cover estimation of basal layer"s BCs with the percent cover assessed by the analysis of 32
images. 33
Finally, in order to verify if the experience of the observers could influence the visual estimation of 34
BCs percent cover, in two stations data were collected by four divers: O 1 From the quali-quantitative composition of the assemblages, the dominant species allowed for the 6 definition of the habitat types. In Gatti et al. (2012) , habitat types were identified according to the 7 European Nature Information System (EuNIS) codification (Davies et al., 2004) . Here the codification 8 approach was maintained where possible, but in case of facies or associations that were not present in 9
EuNIS list, the habitat type was identified by the name of the dominant species. 10
As three main community layers are usually recognized in coralligenous reefs (basal, intermediate and 11
upper), quality was assessed for each layer individually on the basis of the different descriptors. A 12 total of nine descriptors, three for each layer, was used. The criteria adopted to assign quality scores to 13 each descriptor, for each replicate, are described below and summarized in Table 2 . 14 Basal layer. 15 i) BCs percent cover -score 1 was assigned to TURF/SED because they may play a negative role in 16 the bioconstructional processes; score 2 to NCEA and EA, for their role in substrate protection; score 17 3 to ECR, the main active producers of calcareous substrate. The formula (cover*score)/100 was 18 applied to each BCs, and results were summed up to obtain the quality score of the descriptor. (which were, respectively, equal to 1.5 and 1) and is discussed in Section 4.3. 21
ii) Thickness and consistency of calcareous layer -score 1 was assigned when penetration was null, 22 meaning absent or no more active bioconstruction; 2 when the penetration was centimetric, suggesting 23 unconsolidated bioconstruction; 3 when penetration was millimetric, which indicates active 24 bioconstruction and a compact calcareous layer. 25
iii) Borer marks -borers may weaken the calcareous substrate, therefore score 1 was assigned when 26 borers were common, 2 when occasional and 3 when absent. 27 Upper layer. 14 vii) Total cover of species -according to Pérès and Picard (1964), score 1 was assigned when 15 cover<5%, score 2 when 5%≤cover≤25%, and score 3 when cover>25%. epibionts, over the whole populations, score 1 was assigned when N>75%, score 2 when 21 10%≤N≤75%, score 3 when N<10%. 22
The mean value among replicates" scores gave the final score for each descriptor. Then, in order to get 23 the COARSE index quality score for each layer (Q L ), starting from descriptors scores, the formula [1] 
The harmonic mean among the three Q L s (formula [2] ) was then used to calculate an overall quality 28 score (Q O ) for each station: 29
where n is the number of layers and Q BL , Q IL 
Results 19

Characterization and quality assessment 20
The geomorphologic and mesologic characterization showed that the most frequent (15 stations) 21 morphotypes were cliffs and platforms with variable slope, at depths between 28.7 and 39.4 m. In 22 most cases the EuNIS habitat "Mediterranean coralligenous communities moderately exposed to 23 hydrodynamic action" (code A4.26) was identified, and the facies with Paramuricea clavata (code 24 A4.26B) or the facies with Eunicella cavolini (code A4.269), sometimes coexisting, were the most 25 common. However, two stations, one belonging to the high pressured (station 8) and one to the 26 moderate pressured (station 2) situations, were characterized by a so-called "facies of Table 3 . 36
Layer"s quality scores (Q L ) showed high variability both within and among stations (Fig. 2) . 
Robustness to observer biases 23
Cluster analysis on the mean percent cover of BCs estimated by O 1 and O 2 and the BCs percent cover 24 obtained by the analysis of the photographs revealed that the differences between operators and photos 25 in the same station were lower than the differences between different stations (Fig 3a) , so visual 26 estimations were likely close to the actual cover of BCs. The only exception was station 6, where the 27 high cover by turf/sediment was underestimated by O 2 in favor of encrusting corallines: this difference 28 may be due, at least in part, to observations being conducted on surfaces with different slopes. 29
Concerning the comparisons between O 1 and O 2 , the cluster analysis on BCs percent cover estimations 30
showed differences between the two observers being lower than those among stations (Fig. 3b) . 31
Similarly, BCs percent cover estimations of observers with and without experience showed less 32 important than the difference between the two sampling stations tested (Fig. 3c) . 
Characterization and quality assessment 3
Analyses of variance on all quality scores confirmed that the combined adoption of the COARSE 4 index and the RVA approach is an efficient tool to assess sea-floor integrity of coralligenous reefs. 5
The few exceptions, rather than simply being disappointing, may suggest the presence of some 6 unexpected local factors that should have an important role in determining the composition and 7 structure of the reefs, for which further investigations are needed. For example, the localization of the 8 reefs and the geomorphologic characteristics of the seafloor can explain some situations where Q O 9 resulted different from the expected. This is the case, for example, of station 2, subjected to moderate 10 pressure, but located close to a sedimentation tank, implying that, during upwelling phenomena 11 
Robustness to observer biases 2
The high similarity between the percent cover of BCs obtained through either visual estimations or the 3 analysis of photographs confirmed that field observations are objective and reliable (Parravicini et al., 4 2009), with the advantage of getting data immediately, without further time-consuming analyses in the 5 laboratory. In addition, percent cover estimations did not seem to be conditioned by the experience of 6 the observer, in accordance with Meese and Tomich (1992). Similarly, the univariate measurements 7 and counts as provided in the whole COARSE protocol were encouraging, since all data collected did 8 not result affected by the observer bias. However, as depth, turbidity, enlightenment, cold and many 9 other factors (e.g. restricted time during dives) sometimes can reduce the efficacy of underwater 10 observations, taking some photographs is always recommended. 11
These results advocate for the application of the COARSE index over a wider scale with promising 12 results. 13 14
Variations in the RVA protocol 15
The application over a larger number of stations and sites allowed improving the original RVA 16
protocol first proposed by Gatti et al. (2012). 17
Concerning the intermediate layer, a substantial change consisted in the replacement of the descriptor 18
"Seasonal-perennial species ratio (S/P)", which was based on the ratio between the numbers of 19 seasonal and perennial species aiming at measuring the stability of the reef community. The 20 macrobenthic species of coralligenous assemblages exhibit very low to nil seasonality (Garrabou et al., 21
2002), minor seasonal differences being due to the pick of the productivity of some turf-forming, 22 foliose or corticate-erect algae during summer (Ballesteros, 1991a, b; Piazzi et al., 2004 ). This 23 determined that the value of the S/P resulted always low, with a consequent high quality score also 24 when the reefs were not really healthy, especially when few species were present. In addition, even if 25 seasonal differences in coralligenous community composition are low, this limits the possibility of 26 application of the protocol during the whole year and may produce different results when sampling in 27 different seasons. Therefore, the S/P was replaced with the descriptor "Sensitivity of bryozoans (SB)", 28 which aims to consider the different sensitivity to human impact of some species of erect bryozoans 29 As for the basal layer, a variation concerned the descriptor "BCs percent cover": the BCs "TURF" and 1 "SED" were merged in a single category and they were assigned the same quality score (1) ecological status suggested by the WFD; however, COARSE is not aimed at evaluating the ecological 12 status of water bodies but at assessing sea-floor integrity as a descriptor of the status of the marine 13 environment, according to the MSFD, for which no already defined classifications exist. Therefore, as 14 quality scores of descriptors and layers are all based on a 1 to 3 scale, we decided to not introduce a 15 further and artificial subdivision into five classes, and thus only three classes of quality (Bad, 16
Moderate, Good) were adopted. 17 18
Conclusions 19
The COARSE index and the RVA approach showed to be robust to observer biases and sensitive to 20 the different level of pressure identified in the study area, confirming to be an efficient tool for the 21 assessment of coralligenous reefs integrity. context, providing a current baseline (Sala et al., 2012) to which refer for future assessments of 1 coralligenous reefs integrity, is probably the best solution. The application of the COARSE index at 2 large scale could, therefore, provide a snapshot of the present-day situation of coralligenous reefs, 3 useful for future managing and conservation purposes. On-going research by our team is currently 4 applying it to other Mediterranean areas, different for latitude and stressor regime. 5 6 7
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